The objective of the study was to determine and compare the colour characteristics as a distinctive biological feature of animals from different domestic and wild animal species. Colour measurements were made on the fresh cuts of m. longissimus of pigs, beef cattle, red deer, rabbit, brown hare, on the m. pectoralis profundus of horse, on the m. pectoralis major of goose and on the hind leg muscles of red deer, rabbit, brown hare and goose within 5 min of blooming. CIE colour expressions, such as lightness (L*), redness (a*), yellowness (b*), chroma (C) and hue angle (h) were measured using a chromameter CR-410. Differences in colour parameters of different muscles within species were negligible, but species highly affected all studied parameters. Rabbit and pig showed the highest meat lightness. Brown hare and red deer showed the highest redness and colour saturation followed by beef and horse, but the highest meat yellowness was in rabbit and horse followed by pig. Negative Pearson's correlation coefficients between the meat pH and colour parameters were found in pork and beef, however, no significant correlations were estimated between these traits in meat of red deer, horse and rabbit.
INTRODUCTION
Different species are significantly different on sensory attributes that give adequate descriptions of species (Rødbotten et al., 2004) . Meat colour is related with different forms of the sarcoplasmatic protein myoglobin, and it depends on different factors and genetics (Mancini, 2009 ). Colour also provides information about attributes describing simililarities or dissimilarities between animal species and represents perceived freshness of meat. Meat purchasing decisions are influenced more by product appearance than any other quality factor (Mancini, Hunt, 2005; Ngapo et al., 2007; Wu, Sun, 2013; Gracia, de Magistris, 2013) . Consumers use colour as an intrinsic cue to predict experienced sensory quality (Banović et al., 2012) Although nowadays there are genetic methods for meat identification (Bargen et al., 2014; Fajardo et al., 2014; Santos et al., 2012) , colour is one of the most important attributes that determine animal species identification and consumer acceptance of meat. The perception of colour is a very complex phenomenon that depends on the composition of the object in its illumination environment, the characteristics of the perceiving eye and brain, and the angles of illumination and viewing (Wu, Sun, 2013) . Therefore the employment of instrumental meth ods for colour measurement and control was quite necessary (León et al., 2006; Wu, Sun, 2013) . Currently, many options are available for instrumental colour analysis. The effects of different factors and methods of determining meat colour within different species were recorded (Gil et al., 2008; Liu et al., 2009; Boukha et al., 2011; Luciano et al., 2012) . However, there are large variations in the instrument used and in the use of illuminant and colour coordinates (Tapp et al., 2011) . Therefore, the objective of this study was to determine and compare the colour characteristics and their relationships with muscle pH as a distinctive biological feature of animals from different domestic and wild animal species measured using the same instrument and methods.
MATERIALS AND METHODS
Meat samples were excised from the chilled carcasses after 24 hours post mortem. Colour measurements were made on the fresh cuts of m. longissimus of pigs, beef cattle, red deer, rabbit, brown hare, on the m. pectoralis profundus of horse, on the m. pectoralis major of goose and on the hind leg muscles of red deer, rabbit, brown hare and goose within 5 min of blooming. CIE colour expressions, such as lightness (L*), redness (a*), yellowness (b*), chroma (C) and hue angle (h) were measured in the L* a* b* and L* C* h colour space using a chromameter CR-410 Konica Minolta (Japan) equipped with a 50 mm aperture using a C illuminant and 2° standard observer. The chromameter was calibrated to a white standard (Y = 85.3, x = 0.3173, y = 0.3251) plate before measurements.
The statistical analysis data were analyzed using the general linear model procedure of the SPSS Statistics 17.0 software. The LSD test was used to compare differences among the mean values of meats from different animal species. The mean values and the standard error of the means (SE) were reported. Bivariate Pearson's correlations between pH and col-our parameters were calculated. The significance was defined at P < 0.05.
RESULTS AND DISCUSSION
Differences in colour parameters of different muscles within species were negligible, but species highly affected all studied parameters (Table 1). Since pork is consumed most in Lithuania and globally (Font-i-Furnols, 2014), pig was used as a model animal for comparison of meat colour from different species. Only muscles of rabbit had higher (P ˂ 0.001) meat lightness (L* values) compared with the pig longissimus dorsi (LD) muscle ( Table 1 ). Since L* is the lightness component, which ranges from 0 to 100 (from black to white), the darkest colour was in the muscles of brown hare, in the m. pectoralis profundus of horse and in the muscles of red deer. The highest redness a* was shown by the thigh and LD muscles of brown hare and red deer followed by beef and horse, however, the significant higher redness of brown hare muscles (P ˂ 0.001) was the only compared with those of pig, rabbit and goose. The lowest a* values (P ˂ 0.001) were in rabbit and pig. Instrumental measures of L* and a* are straightforward and can easily be applied to the muscle colour (Mancini, Hunt, 2005) . The colours represented by b* (from blue to yellow) are not typical or intuitively related to meat, therefore assessment of meat yellowness (b*) is difficult for panellists, however, it is successfully presented by instrumental measurements. In the present study the highest meat yellowness was in rabbit and horse followed by pig. The lowest and significantly different compared with pig b* values were detected in the meat of goose P ˂ 0.001) and beef (P ˂ 0.05). Colour saturation (chroma or C) which is defined as the colourfulness of an area judged in proportion to its brightness was highest in brown hare and red deer followed by beef cattle. The lowest chroma was estimated in rabbit and pig followed by goose. Chroma of pork significantly differed from chroma of beef, horse, red deer and hare meat (P ˂ 0.001). The hue angle (h) is defined as the attribute of a visual sensation according to which an area appears to be similar to one of the perceived colours: red, yellow, green, and blue, or to a combination of two of them (Fairchild, 2005) . Hue presented a similar trend to L*, being lower in values. Mancini and Hunt (2005) have reviewed that the inseparable relationship between the product colour and pH is widely accepted. In the present study Pearson's correlation coefficients between the pH and colour parameters ( Table 2) showed negative correlations with L*, b*, C and h in pigs (P ˂ 0.01), whereas in beef pH negatively correlated with a* (P ˂ 0.01), b* (P ˂ 0.05), C (P ˂ 0.01) and tended to correlate with hue (0.05 ≤ P < 0.10), and these are in agreement with other authors who have found these traits highly discriminant in pork and beef (Mancini, Hunt, 2005) . Similar correlations in pork have been reported by Gil et al. (2008) . However, Boukha et al. (2011) have reported that phenotypic correlations were low, but pH and L* and b* values were genetically associated in beef. No differences in lamb meat lightness and other colour parameters were observed between the meat with different ultimate pH by Luciano et al. (2012) . In the present study no significant correlations were estimated between pH and colour parameters in the meat of red deer, horse and rabbit. The negative correlation between pH and L*(P ˂ 0.05) was found in the meat of goose. The tendency (0.05 ≤ P < 0.10) of an opposite positive relationship between pH and a* and b* was estimated in brown hare.
CONCLUSIONS
Differences in colour parameters of different muscles within species were negligible, but species highly affected all studied parameters and relationships between pH and colour. Rabbit and pig showed the highest meat lightness. The highest redness and colour saturation was shown by brown hare and red deer followed by beef and horse, but the highest meat yellowness was in rabbit and horse followed by pig. Negative Pearson's correlation coefficients between the meat pH and colour parameters were found in pork and beef, however, no significant correlations were estimated between these traits in the meat of red deer, horse and rabbit.
